A first step towards producing and effectively utilizing antihydrogen atoms consists of trapping antiprotons. The immediate next step must then be to control, i.e. trap, the produced antihydrogen. The current state of the art in trapping antiprotons and positrons is reviewed, and the challenges in trapping the resulting neutral particles are discussed.
Introduction
The simplest system studied by atomic physicists, the only one where theory can even attempt to find exact solutions and the one which has subsequently been studied with great success, both theoretically and experimentally, is the hydrogen atom. Naturally, it is a tantalizing thought to eventually be able to study with the same precision its mirror image, the antihydrogen atom, either to solidify or to expand our understanding of fundamental symmetries.
By stating this goal, I restrict myself to the discussion of possibilities to obtain antihydrogen in an experimental environment suitable for precision measurements comparable to those achieved on the hydrogen system. Adding the novel restriction that antihydrogen will always be an extremely rare object, one immediately realizes that it is a sensible approach to cool and trap the antihydrogen atoms.
Much of the work which will be described in this article has been performed by other groups. In the true sense of a workshop, for which this paper was written, I only take the liberty to summarize, challenge, and comment on a variety of issues. It is my hope that this will initiate a deeper discussion amongst groups interested in the future of this field. For a more detailed technical view, the reader is advised to consult the references given throughout this paper.
2.
Antihydrogen production A variety of schemes for producing antihydrogen have been proposed and discussed in some detail [ 1 -14] , with the first mentioning of the possible production of antihydrogen in traps by Dehmelt and co-workers [15] . Below, I list a selection of these processes (with appropriate references), of which a few will be discussed here in detail. The first scheme shows the basic production mechanism of combining a positron and an antiproton to form a neutral atom. A photon in the final state carries away excess energy and momentum. All following schemes (except the last one) are based on attempts to increase the effectiveness of recombining antiprotons and positrons, either by laser stimulation of the radiative recombination process [3], or by using a three-body process [4] [5] [6] [7] [8] [9] [10] [11] [12] . The last scheme describes a method which is currently pursued at Fermi Lab [13] and at CERN [14] , where an antiproton picks up a positron from Bremsstrahlung pairs generated when the antiproton passes through a gas target. The resulting antihydrogen atom will have an extraordinary high energy, which will render it useless for high-precision measurements, but this method may yield the first observation of antihydrogen atoms produced in the laboratory. 
Ps* + p =, H*+ e-+ hv [11, 12] 
+Z=,p+e÷+e -~ H + e- [13, 14] 
For all practical purposes, only processes (3), (6), and (7) deserve close attention by the trap community. In the first case, both constituents forming antihydrogen need to be trapped, while in the last two cases only antiprotons need be controlled before the recombination process, while the positron is delivered in the form of a beam of positronium. Both methods have distinct advantages and disadvantages and, dependent on the final application, either one might be the better choice.
ANTIHYDROGEN PRODUCTION USING TRAPPED PLASMAS
This method was originally proposed and discussed extensively by Gabrielse's group [5] . In a "nested trap" scheme forming two Penning traps, the oppositely charged constituents for antihydrogen production are held in separate clouds and cooled to 4 K, or possibly below [ 16] . At a definite time, the two clouds are merged by lowering the electrostatic barrier between them, and antihydrogen is formed. The rate constant for this process is strongly temperature dependent: 
